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Dispersal  of  Air  Force  Installations  is  increasing  greatly  tho  number 
of  units  requiring  data  processing.  It  also  tends  to  diminish  the  technical 
capability  of  each  unit  to  handle  this  task.  Centralized  and  largely  auto¬ 
matic  data  processing  systems,  as  outlined  in  this  report,  seem  to  be  a 
desirable  answer  to  this  problem.  The  equipment  needed  for  such  systems 
is  now  available  or  becoming  available.  Its  application  to  Air  Force 
materiel  needs  can  be  achieved  within  the  next  few  years. 

This  report  discusses  the  broad  concepts  of  automatic  input  and  pi'oces- 
slng  of  data,  and  explains  their  importance  to  expeditious  managerial  con¬ 
trol.  Many  detailed  aspects  of  these  concepts  are  under  study  in  order  to 
devise  methods  for  their  implementation. 
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The  past  ten  years  have  seen  very  substantial  advances  in  the  develop¬ 
ment  of  electronic  data  processing  equipment  (EDPE).  These  advances  have 
opened  up  enormous  possibilities  for  fast,  efficient,  managerial  control  of 
large  organizations,  including  the  Air  Force  logistics  system.  On  the  other 
hand,  serious  problems  peculiar  to  EDPE  have  cropped  up  along  with  the  ad¬ 
vances;  for  one  thing,  so  many  kinds  of  equipment  have  been  devised  for  so 
many  different  purposes  that  any  attempt  to  organize  an  integrated  data 
processing  system  is  in  danger  of  getting  lost  in  a  forest  of  bewildering 
complexity  and  overlapping  functions.  Vilien  we  consider,  moreover,  the  high 
cost  of  EDPE  and  the  consequent  penalties  of  inadequate  system  organization,  we 
can  see  that  if  the  potential  benefits  from  EDPE  are  to  be  obtained  it  will 
be  necessary  to  develops  comprehensive  plan  for  data  processing.  This 
Research  Memorandum  undertakes  Just  such  a  task  for  Air  Force  bases. 

Individual  Air  Force  bases  have  recently  employed  EDPE  to  great  advan¬ 
tage,  but  are  beginning  to  feel  the  impact  of  the  problems  of  cost  and  or¬ 
ganizational  complexity.  To  help  solve  these  problems,  this  report  attempts 
to  delineate  the  characteristics  of  an  optimum  posture  for  base  data  pro¬ 
cessing,,  and  to  crystallize  these  desired  characteristics  into  a  specific 
plan.  Parts  of  this  plan  can  be  implemented  as  early  as  1962.  The  termi¬ 
nus  of  the  .jtudy  is  1965,  beyond  which  accurate  estimates  are  difficult. 

The  major  findings  of  this  study  are  that: 

(l)  Imiproved  techniques  and  equipment  for  initial  data  input  and  auto¬ 
matic  retranscription  are  needed  for  use  at  all  bases  and  in  each  functional 


area . 
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(2)  To  tho  extent  that  it  is  employed,  aut.omit.i c  ■!  ita  procussinp, 
should  be  inte^'rated  to  reflect  in  each  of  the  functions  with  which  it 
deals  (e.g.,  supply,  maintenance,  personnel,  finance)  the  relevant  events 
in  others.  To  this  end,  it  should  be  carried  out  by  new  organizations 
established  for  the  purpose  at  several  points  in  the  Zone  of  Interior. 

(3)  The  data  processing  operations  of  input  and  processing  must  be 
carried  out  by  trained  specialists. 

iU)  Present  periodic  historical  reports  can  be  reduced  in  number  and 
size,  and  replaced  by  concise  summaries  of  pertinent  information  for  all 
levels  of  command  and  management. 

To  accomplish  these  desired  ends,  this  study  outlines  a  posttire  for 
base  data  processing,  which  would  comprise: 

(A)  Base  Information  Centers  (BIC’s)  in  the  continental  United  States. 
Fach  of  these  centers  would  be  equipped  to  maintain  the  records  (e.g.,  per¬ 
sonnel,  supply,  and  financial)  for  about  20  to  40  bases,  and  to  act  as  a 
readily  accessible  information  repository  for  much  of  the  data  pertaining 

to  base  operations.  Such  centers  would  therefore  be  in  a  position  effi¬ 
ciently  to  carry  out  the  functional  integration  which  is  a  fundamental 
objective  of  this  concept. 

(B)  Equipment  at  each  Air  Force  base  to  translate  data  into  a  form 
which  can  bo  dealt  with  automatically,  to  retranscribe  automatically  informa¬ 
tion  so  captured  for  further  use,  and  to  present  automatically  the  results  of 
processing  for  decision-making  at  all  the  appropriate  management  levels. 

(C)  An  efficient  system  for  accomplishing  those  subsidiary  data  pro¬ 
cessing  functions  which  are  truly  local  to  a  base,  involve  subjective  con¬ 
siderations,  or  are  otherwise  more  suitable  for  on-base  handling. 
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(D)  a  poaitive  continuing  program  for  carrying  out  the  training  re¬ 
quired  by  the  widespread  use  of  automatic  equipmient  and  new  techniques  in 
this  program. 
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THE  PROBLEM 

One  of  the  outstanding  technical  phenomena  of  the  past  decade  has  been 
the  far-reaching  series  of  developments  In  electronic  data  processing  equip¬ 
ment  (EDFE).  Growing  rapidly  In  size,  complexity,  capability  —  and  cost  — 
this  equipment  has  progressed  from  Its  early  employment  in  lengthy  and 
Intricate  mathematical  calculations  for  scientific  purposes,  through  a 
further  stage  of  widespread  application  to  large-scale  clerical  problems 
In  business  and  elsewhere,  to  Its  present  stage,  wherein  It  is  possible  to 
use  EDPE  as  a  tool  In  the  managerial  control  of  large  organizations.  Until 
the  presently  knovmi  electronic  data  processing  equipment  and  techniques 
were  evolved,  it  was  Im.practlcal  to  integrate  all  the  various  air 
base  data  processing  functions  into  a  single  unit.  The  Air  Force,  whose 
managerial  control  problems  are  similar  in  many  respects  to  those  of  a 
large  business,  has  been  quick  to  realize  the  advantages  to  be  reaped  from 
the  new  technology. 

The  rapidity  of  EDFE’s  growth,  its  high  cost,  and  the  multifarious 
purposes  for  which  it  has  been  designed,  have  of  course  given  rise  to 
peculiar  problems  of  their  own.  Individual  Air  Force  bases,  for  example, 
have  recently  employe!  EDPE  advantageously,  but  the  acquisition  of  more 
and  more  equipm«'nt  as  time  passes  is  a  costly  affair.  Data  processing 
functions  and  their  resultant  reports  often  duplicate  each  other  unneces¬ 
sarily,  money  and  man-hours  are  not  always  expended  to  their  full  advantage, 
and  the  sheer  increasing  complexity  of  the  system  makes  competent  manage¬ 


ment  more  difficult. 
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Increasing  acceptance  of  the  concepts  of  dispersal  and  mobility  In 
both  the  missile  and  the  manned  aircraft  forces  complicates  the  task  of 
processing  data  on  behalf  of  these  organizations.  Also,  the  expectation 
of  operating  units  ever  smaller  In  size  and  scope  Increases  the  problem  of 
having  each  react  In  the  light  of  considerations  of  the  system  as  a  whole. 

THE  APPROACH:  LONG  RANGE  PUliWING 

The  present  study  does  not  look  fo’*  short-term,  piecemeal  solutions  of 
Air  Force  data  processing  problems.  It  seeks  to  provide  the  Air  Force  with 
an  advantageous  position  at  the  end  of  a  long  (e.g.,  five-year)  time  period 
and  thereafter.  Less  comprehensive,  short-term  solutions  often  fall  to 
deal  adequately  with  the  total  problem  of  data  processing  and,  at  the  same 
time,  they  divert  much-needed  resources  from  this  essential  task. 

We  realize  fully  that  help  Is  badly  needed  by  those  who  are  charged 
with  the  short-range  solution  of  present  Air  rorce  base  data  processing 
problems.  These  problems  are  important  and  difficult  to  solve,  but  their 
solution  must  not  be  p'^rmltted  to  prevent  solution  of  the  larger  problem. 

Our  purpose  here  Is  to  establish  a  goal  tervard  which  interim  solutions 
can  and  should  be  directed.  In  so  doing,  we  wish  to  provide  a  standard 
agalaat  which  data  processing  programs,  both  long-  and  short-range,  can  be 
measured.  This  Intent  Is  supplementary  to  our  primary  goal  of  helping  to 
obtain  an  optimum  data  processing  posture  for  Air  Force  bases. ^ 

^Subsequent  studies  on  this  subject  ”.•111  deal  with  various  aspects  of 
this  posture  in  more  detail.  V.e  recognize  that  specification  of  the  concept 
herein  described  su-'eests  a  myriad  of  related  problems,  many  of  which  will 
be  considered  In  these  forthcoming  studies. 
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GENERAL  REQUIRE!'TF,NTS 

The  problem  of  data  proceasinf;  for  Air  Force  bases  may  be  described 
in  three  parts: 

(1)  Techniques,  and  equipment  (where  necessary),  must  be  developed 
to  insure  that  the  data  enterinf^  the  system,  and  on  which  any  results  are 
based,  are  timely  and  accurate.  Realization  of  this  objective  will  require 
a  major  increase  in  emphasis,  in  terms  of  dollar  and  personnel  resources, 
over  the  present  level. 

(2)  The  equipment  and  techniques  utilized  must  exploit  the  most  effi¬ 
cient  computers,  communications  equipment,  and  other  products  of  coming 
technology. 

(3)  The  future  system  must  relate  data  processing  outputs  to  manage¬ 
ment  objectives  far  more  closely  than  at  present.  Present  reporting  systems 
have  been  perpetuated  in  the  face  of  changing  management  requirements  and 
processing  capabilities. 

TItiE  PERIOD 

The  system  described  in  this  paper,  or  at  least  most  of  its  phases, 
can  be  implemented  as  early  as  19^52.  V/e  have  not  carried  our  thinking  in 
this  study  beyond  1965,  so  it  has  not  been  necessary  to  consider  computers, 
weapons,  and  organizations  entering  the  system  at  a  later  date.  Estimates 
relating  to  these  factors  through  I965  are  probably  accurate  enough  here, 
but  fall  off  rapidly  thereafter.  For  these  reasons  we  describe  the  period 
under  study  as  ”1962  -  1965."  Delays  and  difficulties  might  well  push 
realization  of  the  proposed  system  out  farther  than  1965 .  On  the  other 
hand,  immediate  start  of  planning  and  development  could  lead  to  realization 
of  gains  in  important  segments  of  the  Air  Force  at  an  earlier  date. 
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II.  DF.FIHITION  OF  DATA  FROCTlSGirja 

Since  the  term  ’’data  processing”  currently  has  a  large  number  of 
usages,  it  is  probably  well  at  this  point  to  explain  its  specialized  use 
in  the  present  context.  By  defining  the  term  here  in  one  particular  way, 
we  do  not  mean  to  suggest  that  other  usages  in  different  contexts  are 
wrong,  but  rather  that  the  one  used  is  the  most  pertinent  to  this  discussion. 

Data  processing  can  bo  said  to  consist  of  three  phases:  generation  of  the 
data  and  their  introduction  into  the  system,  information  evaluation  or  inter¬ 
pretation  (processing),  and  result  presentation.  Phase  one  comprises  col¬ 
lecting  the  information  (data)  necessary  to  reflect  events  which  have  taken 
place,  and  preparing  and  transmitting  it  in  a  form  suitable  for  use  in  the 
second  phase.  Phase  two  comprises  manipulating  data  according  to  logical 
or  mathematical  rules  provided  exogenously  so  that  specified  analysis  of 
the  data  can  be  made,  and  also  provides  for  making  prespecified  logical 
decisions  on  that  basis.  Phase  three  comprises  the  presentation  of  out¬ 
puts  resulting  from  the  processing  phase  of  the  cycle  for  the  information 
and  action  of  the  people  concerned. 

The  three  phases  may  be  outlined  as  shown  below: 

I .  Data  generation  and  Introduction  into  the  system 

A.  Static  data  —  data  reflecting  the  relevant  policies  and 
circumstances. 

B.  DjTiamic  data  —  data  which  reflect  the  events  which  take 
place. 

II .  Information  evaluation  or  interpretation  (processing) 

A.  Summarizing  and  organizing  data 

B.  Detecting  discrepancies  from  plan 

C.  Executing  management  rules 
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III .  Result  presentation  for 

A.  Operating  decisions 

B.  Planning  decisions 

C .  Legal  requirements 

As  the  outline  indicates,  there  are  really  two  kinds  of  data  with  which 
any  data  processing  system  must  deal:  static  and  dynamic.  Since  this  phase 
is  necessarily  basic  to  the  implementation  of  further  data  processing,  it 
will  be  profitable  to  examine  it  further. 

Static  data  (or,  more  properlj',  relatively  static  data  )  include 
data  which  define  the  problem,  such  as  the  priority  system  employed,  the 
mission  category  of  Air  Force  bases,  the  maintenance  skills  available  at 
each  location,  a  listing  of  events  which  constitute  a  noteworthy  change  in 
readiness,  the  AFSC’s  and  proficiencies  of  base  personnel,  price  of  items, 

ERG  code,  data  on  whether  an  item  is  base-  or  depot-reparable,  warhead  size 
(for  operations  planning),  designation  of  the  office  of  primary  responsi¬ 
bility  for  each  decision,  etc.  This  type  of  data  is,  or  should  be,  provided 
as  a  basis  for  the  design  of  a  data  processing  system  which,  then,  becomes 
the  means  of  translating  these  data  into  a  working  air  base  logistics  data 
processing  system.  Static  data  are  the  data  of  which  the  basic  files  of  the 
system  are  composed. 

Dynamic  data  re:v:>rt  events  to  the  data  processing  system.  VIhile  some 
of  these  data  must  be  routed  through  the  system  as  soon  as  they  are  known,  other 
events,  although  noted  at  once,  need  not  be  reflected  immediately  as  usable 
data.  The  purpose  of  this  activity  is  to  represent  events  in  a  form  which 
can  be  utilized  in  the  remainder  of  the  data  processing  cycle.  By  this 
standard,  copying  information  from  one  written  form  onto  another  may  not 
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actually  constitut#  the  introduction  of  data  into  the  system  whenever  the 
data  so  copied  are  no  more  usable  in  the  second  form  than  in  the  first. 

When  EDPE  is  employed  for  processing  data,  those  data  must  be  transformed 
into  "machine  language"  before  they  are  of  any  use  to  the  machines.  This  may 
be  done  by  various  forms  of  instrumentation  (automatic  transaction  recording, 
automatic  checkout  equipment,  automatic  communications  network  m.onitoring, 
etc.)  or  by  manual  retranscription  of  the  data  into  machine-readable  form 
(punched  card,  punched  tape,  or  magnetic  tape  preparation  with  keyboard 
entry) . 

On  the  basis  of  the  data  introduced  as  above,  this  information  can  be 
evaluated  and  interpreted  (processed)  in  phase  two.  This  operation  includes 
summarizing  and  organizing  d3mamic  data,  detecting  discrepancies  from 
planned  performance,  and  executing  management  rules.  Activity  of  this 
kind  done  manually  (even  on  a  very  small  scale)  is  data  processing,  and  its 
performance  may  be  most  important.  When  this  processing  is  sufficiently 
large  in  volume  or  difficulty,  it  may  he  accomplished  by  an  organization 
established  for  the  purpose  (an  organization  which  does  not  normally  gener¬ 
ate  its  own  data  but  processes  the  data  generated  by  another  organization 
and  returns  the  results  to  them)  and  may  be  carried  out  manually  or  by 
machine.  Thus  the  preparation  of  supply  requirements,  budgets,  stock  bal¬ 
ance  and  consumiption  reports,  payrolls,  accounting,  flight  proficiency 
reports,  squadron  readiness  summaries,  etc.,  is  suitable  for  accomplish¬ 
ment  by  such  an  organization  in  most  cases;  while  maintenance  of  bench  stock 
balances,  lunch  hour  schedules,  and  aircraft  locations  on  the  landing  strips 
or  aprons  is  not.  Let  us  note  that  the  data  processing  with  which  we  are 
dealing  in  this  paper  does  not  encompass^ such  activities  as  ground  control 
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of  aircraft,  of  nissiles  in  fli^;ht,  ground  controlled  intercept,  com})uter 
interpretation  of  radar  input  data,  etc. 

The  tliird  phase  of  the  data  procesoing  cycle,  reault  presentation,  lu 
also  divided  into  two  parts:  presentation  of  results  so  that  operating 
decisions  can  be  made,  and  so  that  planning  deciuions  can  be  made.  The 
achievement  of  rational  decisions  based  on  timely,  accurate  information  is, 
of  course,  the  objective  of  the  data  processing  system.  Therefore  it  is 
clear  that,  while  the  achievement  of  objectives  is  the  third  phase  of  opera¬ 
tion  of  any  data  processing  system,  specification  of  cbj'’ctives  in  neces¬ 
sarily  the  first  step  in  the  design. 

In  planning  for  result  presentation  it  is  essential  to  distinguish 
between  outputs  for  operating  and  those  for  [)lanning  purposes.  Operating 
decisions  aic  likely  to  be  the  imm.ediate  cause  of  events,  which  in  turn 
generate  data  and  feed  them  into  the  cycle.  An  example  of  an  operating 
decision  which  can  be  made  automatically  is  the  decision  to  resupply  a 
spare  part,  based  on  the  recognition  of  the  fact  that  reported  issues  have 
reduced  the  balance  on  hand  to  or  below  the  reorder  point,  and,  therefore, 
a  resupply  sufficient  to  bring  the  stock  balance  back  to  the  stock  control 
level  is  now  indicated.  On  the  other  hand,  immediate  management  action 
may  be  required  to  dispatch  a  special  shipment  of  this  spare  in  those  cases 
where  an  AOCP  can  thereby  be  avoided. 

Planning  decisions  are  usually  subject  to  less  immediacy  than  opera¬ 
ting  decisions  and  are  alm.ost  invariably  made  by  management  people  rather 
than  automatically.  They  are  most  effective  when  they  are  based  on  results 
of  processing  data  which  indicate  what  the  plan  has  been  and  how  events 
which  are  actually  taking  place  compare  with  this  plan.  To  know  that  100 
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man-hours  of 
is  of  little 
was  actually 
sin/i'  must  be 
as  possible , 
intended . 


maintenance  effort  were  expended  during  a  particular  time  period 
use  unless  i.he  amount  that  was  planned,  together  with  that  which 
available,  is  also  known.  This  important  pihase  of  data  proces- 
carefully  designed  so  that  the  infonnation  provided  is,  as  nearly 
exactly  sufficient  to  achieve  the  decisions  for  which  it  is 


111.  A  SYSTEMS  APPROACH  TO  BASE  DATA  PROCESSING 
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The  characteristics  of  modern  large-scale  EDPE,  such  as  speed,  flexi¬ 
bility,  reliability,  and  automatic  control  now  enable  us  to  deal  much  more 
effectively  with  complex  data  processing  problems  of  Air  Force  bases.  For 
this  reason,  it  is  more  Important  than  ever  for  management  to  take  a  ’’systems 
approach”  to  the  role  and  organization  of  base  data  processing.  Ob,lectives 
for  the  data  processing  system  must  first  be  defined.  Within  this  framework, 
the  patchwork  method  of  dealing  with  one  problem  or  one  functional  area  at  a 
time  (e.g.,  inventory  control,  personnel,  finance,  maintenance,  operations, 
etc.),  of  looking  at  one  area  of  base  data  processing  in  isolation  from  other 
areas  and  problems,  cannot  take  into  account  the  interactions  involved.  The 
failure  first  to  establish  system  objectives  and  then  to  consider  the  inter¬ 
relationship  of  base,  depot,  and  weapon  system  management  within  them,  will 
result  in  a  data  processing  system  which  does  not  yield  the  most  effective 
results . 

In  this  study  we  will  consider  the  total  ZI  base  complex  as  a  system, 
and  study  the  interrelationships  of  the  various  functional  areas  that  are 
found  on  a  base  and  throughout  the  base  complex,  since  by  very  definition 
a  system  involves  the  interaction  or  interdependence  of  elements  in  a  co¬ 
herent  whole.  We  should  look  at  the  inputs,  outputs,  processings,  etc.,  in 
the  light  of  these  interactions  as  well  as  the  data  processing  requirements 
of  the  base  and  the  higher  command  echelons.  The  various  functional  areas 
such  as  personnel,  supply,  maintenance,  finance,  operations,  etc.,  should  be 
viewed  as  components  of  an  over-all  activity  and  not  as  separate,  independent 
parts. 
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Vi‘.w‘;'d  cis  h  whiol",  tilt!  of  (.>r‘ocf is  Liip,  fof  Air  Force  bases 

is  very  complex.  Data  f'enei-ated  within  supply  are  useful  in  maintenance  and 
finance;  data  r.eneratocl  within  operations  arc  requir'cd  in  personnel  and  fi¬ 
nance;  and  data  penerated  at  th*^  has**  are  required  at  the  depot  and  at  the 
ma.ior  coirjrand  headquarters.  Dy  Inokin/j  at  the  problem  as  an  entity,  we  may 
be  able  to  elitnirnte  duplication  of  effort  within  these  functional  and  geo¬ 
graphical  organizations  and,  furthermore,  to  provide  a  more  nearly  complete 
picture  with  inputs  designed  to  produce  desired  results.  Only  from  such  a 
picture  can  we  develop  an  efficient  data  processing  system. 

DATA  PHnCF,3SI?r.  AT.  A  CATALYST  AMONC,  FUMCTI0M3 

The  purpose  of  dana  processing  should  be  to  achieve  the  objectives  of 
the  various  functional  areas  in  the  Air  Force,  (e.g.,  operations,  mainte¬ 
nance,  supply,  finance,  and  personnel),  being  bound  only  by  the  objectives 
of  those  functions,  in  terms  of  pertinence  and  timeliness,  and  not  by 
their  present  orranization . 

Since  information  needed  in  one  functional  area  is  often  generated  in 
another,  a  desirable  approach  to  the  data  processing  problem  is  to  strive 
for  integration  of  the  data  processing  related  to  these  functions,  but  not 
necessarily  for  the  corresponding  integration  of  management.  It  is  highly 
desirable  that  logistics  management  reflect  the  interactions  which  do  exist 
between  functions.  This  concept  is  difficult  to  achieve  in  any  current 
environment,  however,  since  existing  organization  is  usually  by  individual 
function;  hence  the  design  of  any  new  data  processing  system  is  likely  to 


be  so  influenced. 
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Until  the  recent  advent  of  large-scale  data  processing  equipment  and 
associated  techniques,  it  has  been  impossible  to  build  any  significant  degree 
of  functional  integration  into  the  related  data  processing  systems.  This  is 
true  since  the  resultant  single  operation  would  have  been  too  large  and  com¬ 
plex  to  be  dealt  with  as  a  single  unit. 

As  a  result  of  this  situation,  many  echelons  of  sub-organization  have 
been  built  up  within  the  Air  Force  in  the  data  processing  field,  each  largely 
independent  of  every  other  both  laterally  and,  in  some  cases,  even  vertically. 
As  a  further  consequence,  functional  interaction  has  been  lacking  and  dupli¬ 
cation  of  the  data  processing  effort  at  several  echelons  of  organization  has 
become  the  rule  rather  than  the  exception.  The  duplication  of  personnel 
inform, ation  in  personnel,  operations,  supply,  and  maintenance  is  a  case  in 
point.  Such  duplication  is  quite  common,  not  only  at  different  levels  of 
command  organization,  but  ev<‘n  on  a  single  Air  Force  base.  ILany  elements 
of  supply  information  are  likewise  repeated  at  the  spare  parts  depot,  at 
the  base,  and  even  at  the  wing  or  squadron. 

EquiriJiT  cc::3iDrp.ATic:;s 

The  recent  advances  in  electronic  data  processing  equipment  have  been 
startling.  Beginning  only  ten  years  ago,  the  use  of  EDPE  in  government 
and  industry’  has  grovm  very  rapidly.  Although  at  the  start  all  the  appli¬ 
cations  of  EDPE  were  "scientific”  (mathematical,  for  example),  applications 
to  the  large-volume  clerical  problems  of  business  organizations  were  devel¬ 
oped  as  early  as  1953,  and  extensions  into  the  field  of  scientific  manage¬ 
ment  are  currently  in  process. 
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Th'!re  have  been  several  reasons  for  this  rapid  r.rowth.  They  can  be 
simniarized  by  the  statement  that  the  speed  of  KUPE  sines  its  development 
ton  yea:"3  a;^o  has  increased  rapidly,  while  the  cost  for  a  ^iven  data  proces- 
sinf’  job  has  correspondin/^ly  decreased. 

Data  processing,  capabilities  of  medium-scale  computers  are,  by  defini¬ 
tion,  substantially  less  than  those  of  larr,e-scale  machines;  and  small-scale 
electronic  computin/3  devices  are  correspond inp.ly  less  capable  than  the  medium- 
scale  ones.  Since  the  notion  of  larr,e-j  medium-j  and  small-scale  computers  is 
not  precise,  wo  shall  consider  them  here  in  this  sense:  a  small-scale  com¬ 
puter  has  sufficient  capability  to  accomplish  some  but  not  all  of  the  data 
procossinr,  job  for  a  sinf^le  Air  Force  ba;;c;  a  medium-scale  computer  has  suf¬ 
ficient  capability  to  accomplish,  and  thereby  integrate,  substantially  all 
of  the  data  procossinr  job  at  a  sinr'lc  Air  Force  base;  and  a  larp, e-scale 
computer  possesses  the  capability  to  carry  out  substantially  all  of  the 
data  procossinr,  jobs  for  a  dozen  or  more  larr.o  Air  Force  bases. 

Larre-,  mediiim-,  and  small-scale  computers  can  also  be  catcp.orized  by 
the  relative  sizes  of  their  basic  rental  costs.  The  larpc  scale  systems 
usually  ranpe  from  C30,000  to  560,000  per  month  (althouph  some  are  consid¬ 
erably  hirher),  the  medium-scale  from  $15,000  to  $30,000  per  month,  and  the 
small-scale  from  $3»000  to  $10,000  per  month  basic  rental.  According  to 
this  categorization,  the  costs  are  in  a  ratio  of  about  6:3:1. 

To  the  extent  that  computers  are  required  at  all,  the  question  of  the 
least  rental  cost  of  EDFE  in  the  Air  Force  base  complex  can  be  raised.  A 
system  in  which  computers  are  not  properly  distributed  will  place  the  Air 
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Force  in  an  unfavorable  rental  position.^  For  example,  if  five  medium-scale 
computers  are  utilized  to  accomplish  work  which  could  be  carried  out  by  a 
sinf^le  large-scale  computer,  the  rental  costs  could  be  reduced  by  employing 
the  large-scale  machine  given  the  above  cost  ratio. 

CETJTRALIZED  DATA  PRCCESSIIOG 

On  the  basis  of  cost  and  workload  considerations,  it  seems  evident  that 
economies  can  be  achieved  by  the  use  of  large-scale  data  processing  tech¬ 
niques  and  equipment  in  several  Air  Force  situations.  With  base  data  pro¬ 
cessing,  however,  it  is  also  true  that  very  few  large-scale  problems,  if 
any,  can  be  developed  if  they  remain  segregated  by  subfunction  at  base  as 
they  are  at  present.  In  such  an  environment,  there  is  simply  not  enough 
data  processing  load  in  each  subfunction  to  permit  the  full  utilization  of 
a  large-scale  data  processing  machine  to  which  the  above-mentioned  advantages 
accrue . 

This  state  of  affairs,  then,  allows  us  to  conclude  that  some  degree  of 
centralization  is  required  if  we  are  to  achieve  potential  cost  and  capacity 
advantages.  At  most  Air  Force  bases,  this  centralization  of  much  of  the 
data  processing  load  at  a  single  point  has  already  been  achieved  or  planned 
for.  As  a  result,  large  bases  are  able  to  employ  most  of  the  capacity  of  a 
medium-scale  data  processing  machine.  On  the  smaller  bases,  a  mediim-scale 
machine  cannot  be  efficiently  utilized  and  hence  small-scale  data  processors 
or  punched-card  accounting  machines  must  be  employed. 

_ 

Obviously  a  rigorous  comparison  would  involve  total  costs.  As  a  first 
approximation,  it  is  assumed  that  total  costs  are  proportional  to  the  rental 
costs  involved. 
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But  even  where  medium-scale  equipment  can  be  efficiently  utilized,  the 
advantages  gained  in  terms  of  processing  capacity  and  its  cost  are  so  short 
of  those  available  with  large-scale  equipment  ns  to  suggest  further  centra¬ 
lization.  Where  small-scale  equipmicnt  must  still  be  used,  this  suggestion 
is  of  course  even  stronger. 

These  facts,  then,  indicate  that  while  some  data  processing  activities 
must  continue  to  be  carried  out  at  the  base,  it  is  highly  desirable  to  cen¬ 
tralize  at  a  single  geographical  point  as  many  as  possible  of  the  data  pro¬ 
cessing  jobs  of  several  Air  Force  bases. ^  Such  centralization  will  burden 
the  postal  and  electrical  communications  facilities  with  a  load  far  exceeding 
the  present  one;  however,  the  very  great  advances  in  the  potential  capability 
of  electrical  communications  facilities  by  the  period  1962-1965  will  be  more 
than  equal  to  the  resultant  transmission  load.  Further,  it  seems  certain 
that  the  cost  of  electrical  communications  during  that  time  period,  while 
far  exceeding  the  present  annual  cost,  will  itself  be  far  outweighed  by  the 
cost  advantages  accruing  from  the  use  of  large-scale  computers. 

The  objectives  of  a  system  based  on  the  concept  of  geographical  centra¬ 
lization  of  data  processing  for  bases  and  the  autom.atic  input  of  relevant 
data  are  to; 

1.  Relieve  the  bases  of  the  job  of  .automatic  processing  of  data,  to 
the  extent  possible,  thus  enabling  them  to  concentrate  on  their  primary 
mission  of  flying  and  maintaining  aircraft  and  missiles; 

I 

Vihile  it  is  presently  impossible  for  us  to  estimiatc  the  total  percen¬ 
tage  of  base  manyiower  engaged  in  data  processing  of  one  kind  or  .another, 
this  number  m.ay  be  as  high  as  one-fourth  of  the  total  base  manpower.  If 
50  per  cent  of  this  activity  c.an  be  r.echanizcd,  as  much  as  10  per  cent  of 
the  activities  of  an  Air  Force  base  can  then  be  performed  automatically. 
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2.  Decrease  the  total  coot  of  data  processing  to  the  Air  Force  by  ex¬ 
ploiting  the  efficiency  of  large-scale  EDPE  and  reorient  the  organizational 
structure  accordingly; 

3.  Increase  the  efficiency  of  data  processing  on  each  base  by  integra¬ 
ting  the  data  processing  of  its  various  functions; 

4.  Improve  the  quality  of  input  data  generated  at  the  base; 

5.  Achieve  closer  liaison  between  Air  Force  organizations  and  their 
major  commands;  i.e.,  achieve  the  actual  capability  to  implement  the  systems 
outlined  by  manual  and  directive;  and 

6.  Provide  information  to  all  levels  of  management  as  needed. 

It  is  the  intent  of  this  paper  to  show  that  these  objectives  can  best 
be  achieved  by: 

A.  A  substantial  increase  in  the  automaticity  with  which  pertinent 
data  is  collected  at  its  source  and  entered  into  the  system; 

B.  Utilization  of  the  potential  for  automatic  information  storage  and 
retrieval  and  processing  of  data,  which  will  be  available  in  the  time  period 
1962-1965; 

C.  Functional  Integration  and  centralization  of  automatic  information 
storage  and  processing  of  data,  whereby  the  necessary  data  processing  skills 
and  management  control  can  be  brought  to  bear  and  costs  minimized; 

D.  An  Increase  in  on-base  and  off-base  electrical  communications 
capacity  adequate  for  easy  and  rapid  flow  of  information  from  the  sources 
of  data  to  the  processing  center  and  from  the  processing  center  to  the 
users  of  results,  the  cost  of  which  can  easily  be  offset  by  the  direct  and 
indirect  savings  mentioned  above;  and 
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E.  A  much  closer  relationship  between  outputs  from  the  data  processing 
phase  and  the  decisions  made  from  them.  This  will  decrease  the  number  and 
size  of  periodic  historical  reports  and  Increase  the  facility  to  produce 
situation  summaries  of  these  records  (which  are  retained  within  the  machine 
system),  upon  request  of  the  appropriate  management  at  the  base  or  elsewhere. 

There  Is  general  agreement  that  functionally  or  geographically  centra¬ 
lized  data  processing  systems  are  preferable  to  decentralized  ones.^  In  the 
specific  case  of  base  data  processing  disagreement  arises  as  to  where  this 
centralization  Is  to  occur. 

It  should  be  made  clear  that  this  study's  emphasis  on  centralized  data 
processing  Is  separate  and  distinct  from  the  Issue  of  centralized  management. 
Any  effective  management  system,  centralized  or  decentralized,  should  be 
supported  by  the  most  effective  system  possible  for  data  processing.  This 
study  strongly  Indicates  that  the  system  which  will  most  effectively  achieve 
the  objectives  stated  above  is  one  whose  Input  phase  Is  highly  mechanized, 
whose  evaluation  and  Interpretation  phase  (including  the  storage  of  the  re¬ 
lated  Information)  Is  functionally  and  remotely  centralized,  and  whose  output 
phase  Is  oriented  to  the  decisions  which  must  be  made. 


1 

AFM  171-9i  Management  of  Data  Processing  Equipment,  dated  1  June  1958, 
states,  "Major  data  processing  systems  will  be  centrally  located  and  managed 
to  provide  common  support  of  functions  where  practicable.  This  is  an  approved 
Air  Force  concept  based  on  the  facility  for  Integration  of  data  as  well  as 
economy." 


IV.  DATA  GEt.^ERATION  AM)  IIJTRODUCTION  INTO  THE  SYSTEM 


RM-2232 

9-5-58 

19 


The  results  produced  by  EDPE  can  be  no  better  than  the  source  data. 
While  the  need  to  check  data  prior  to  their  use  by  Punched  Card  Accounting 
Machines  (PCAM)  or  EDPE  has  long  been  recognized,^  the  more  immediate  and 
worthwhile  project  of  Insuring  that  data  are  correctly  recorded  at  the  start 
has  too  long  been  Ignored.  In  an  automatic  data  processing  system,  with 
data  generated  in  an  operation  distinct  from  the  processing  phase,  new 
techniques  of  data  recording  must  be  developed.  Since  our  objectives 
include  minimizing  the  number  of  errors  entering  the  system,  the  guiding 
principles  of  this  new  technique  must  be  that  (l)  the  number  of  transcrip¬ 
tions  of  data  shall  be  held  to  a  minimum,  and  (2)  data  recording  shall  be 
done  with  minimum  human  intervention. 

The  base  is  necessarily  the  organization  at  which  much  of  the  data 
entering  the  system  is  generated.  It  has  been  relying  on  mechanized 
recordkeeping  to  perform  its  clerical  operations  more  rapidly,  accurately, 
and  cheaply  than  do  people.  It  must  now  look  to  mechanization  to  help  it 
solve  the  problem  of  introducing  good  input  data  into  the  data  processing 
system. 

HARU'/ARE  FOR  INPUT  DATA  RECORDING 

Sometimes  this  problem  can  be  solved  by  eliminating  the  hvmian  element 
during  the  actual  data-generation  phase.  For  example,  several  manufacturers 
are  presently  developing  automatic  checkout  equipment  that  will  provide 
appropriate  infoination  in  a  form  suitable  for  EDPE.  This  technique  is 

^For  a  fuller  discussion,  see  S.L.  Pollack,  Electronic  Data  Processing 
Control  of  Air  Force  Spare  Parts  Inventories  (U),  Ihe  RAND  Corporation. 
Research  '“■emorandam  KM-^013,  November  lij,  I9b7i  Chapter  I. 
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clearly  applicabli?  to  certain  supply  and  maintenance  data  for  particular 
weapon  systems. 

But  many  data  processing  events  must  continue  to  involve  human  beings, 
the  desirable  goal  then  being  to  minimize  the  errors  associated  with  human 
intervention.  If  cost  were  not  a  consideration,  the  ideal  way  to  achieve 
this  goal  would  be  to  have  at  the  base  an  input  device  with  a  very  large 
memory  and  a  button  for  each  possible  event  that  could  occur.  V/hen  it  did 
occur,  the  appropriate  button  would  be  pushed  down  and  the  data  captured 
in  machine  langua;;c,  on  some  such  appropriate  medium  as  magnetic  tape,  ready 
to  be  transmitted  to  and  used  by  EDFE. 

Although  we  arc  a  long  way  from  this  ideal  method,  equipment  manufac¬ 
turers  are  headed  in  this  direction.  A  prototype  machine  has  been  devel¬ 
oped,  for  f'xanple,  which  reads  m.agnetic  cards  and  accepts  inform.ation  from 
a  typewriter  to  create  a  transaction  and  place  it  onto  a  magnetic  tape.  To 
insure  accuracy,  the  machine  checks  the  itemi  identification  number  typed 
by  the  hum, an  against  the  item  identification  number  on  the  magnetic  card 
that  wan  chosen.  Further,  most  of  the  static  information  presently  written 
or  punched  by  human  operators  is  maintained  on  the  magnetic  card,  thus  re¬ 
ducing  chance  for  error. 

For  those  actions  that  occur  frequently  at  a  base,  these  special- 
purpose  machines  must  be  designed  so  as  to  require  only  the  single  manual 
operation  of  keying  the  identification  number  (for  checking  purposes). 
Issues  of  spare  parts  to  organizations  on  a  base  appear  to  be  voluminous 
enough  to  warrant  such  a  machine.  The  magnetic  card  in  this  case  would 
carry  the  appropriate  posting  code  in  addition  to  other  static  codes,  such 
as  cost,  weight,  and  substitutes.  The  machine  could  be  made  to  interpret  a 
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piece  of  metal,  similar  to  a  dog  tag,  brought  by  the  person  requesting  the 
part.  The  piece  of  metal  could  identify  the  organization  and  the  aircraft 
for  which  the  part  is  needed. 

We  present  a  few  more  examples  of  hardware  developments  that  may  be 
applicable  to  an  automatic  data  processing  system  and  are  presently  avail¬ 
able  or  offer  promise  of  being  operational  by  the  period  of  this  study. 

The  National  Bureau  of  Standards  has  completed  FOSDIC  (Film  Optical 
Scanning  Device  for  Input  to  Computers).  This  device  is  essentially  an 
electronic  scanner  which  reads  filmed  images  of  punched  cards,  searches 
this  film  for  specified  card  irJ'ormatlon,  and  copies  the  selected  informa¬ 
tion  onto  new  cards  for  computer  input.  Each  100-foot  roll  contains  up  to 
13,000  cards  of  information.  The  microfilm  containing  the  Inform.ation  has 
these  advantages; 

1.  Volume  of  file  storage  over  that  of  punched  cards  can  be 
reduced  by  a  factor  of  over  100. 

2.  Duplicate  files,  when  necessary,  can  be  easily  and  economically 
prepared. 

3.  Visual  inspection  of  the  data  content  and  condition  of  the 
file  is  readily  available  with  a  microfilm  viewer. 

4.  Data  can  be  preserved  alm.ost  indefinitely. 

A  possible  use  for  this  equipment  might  be  the  storing  of  large  volumes 
of  static  Infomatlon  that  have  to  be  referred  to  from  time  to  time,  such 
as  historical  data. 

A  scanning  and  display  device ^s  also  presently  being  developed  by 


1 

See  National  Bureau  of  Standards  Technical  Nev/s  Bulletin.  May,  1957, 
Vol.  Al,  No.  5,  for  fuller  discussion. 

2 

See  Proceedings  of  the  Eastern  Joint  Computer  Conference  (IRE-AIEE- 
ACM)  .  1957,  and  National  Bureau  of  Standards  Technical  t.'ews  Bulletin.  April, 
1958,  Vol.  A2,  No.  A,  for  fuller  technical  discussion. 
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the  National  Bureau  of  Standards,  which  will  convert  pictures  into  digital 
form  suitable  for  input  into  computers,  and  display  results  as  a  visual 
output.  It  is  hoped  that  the  experience  gained  from  this  and  similar  devices 
will  lead  to  the  development  of  a  device  that  will  scan  handscribed  cards 
and  convert  the  information  into  machine  language  for  irmnediate  computer 
use.  The  impoi'tance  of  eliminating  retranscription  of  data  cannot  be  over¬ 
emphasized  . 

Two  other  scanning  devices  translate  printing  into  punched  cards.  One 
scans  a  special  plastic  card  bearing  information  stamped  in  raised  letters, 
and  the  other  scans  documents  that  have  been  printed  or  typed  with  signifi¬ 
cantly  located  dots  of  special  ink  or  carbon  deposit,  with  the  data  encoded. 
Both  can  provide  the  machine-languag,e  inj’Ut  to  a  computer.  These  machines, 
too,  are  cited  as  ex.'imples  of  early  efforts  to  provide  the  ability  to  con¬ 
vert  handscribed  data  to  machine  language. 

The  above  are  seme  examolcs  of  the  direction  manufacturers  must  take 
to  provide  the  potentiality  ff^r  good  source  data.  There  are  many  others. 

The  purpose  of  this  section,  hov/ever,  has  been  to  list  several  types  of 
hardware  which  could  be  used  for  this  purpose  rather  than  to  give  a  complete 
enumeration  of  them. 


BABB  TUFCu.’liTIC:;  FI,r:'.;3  IN  A  C~I:TRATJZoD  data  FRCCiBSTNu  SYBin: 

It  helps  to  think  of  the  data  processing  center  —  whether  it  be  at  a 
remote  location  or  at  the  base  —  as  a  "black  box"  whose  purpose  is  to  accept 


appropriate  information  from  each  of  the  management  functions,  such  ns  main¬ 


tenance,  personnel,  and  supply,  and  interrret  and  evaluate  that  information 
for  all  functions  to  -which  it  is  aprlicable.  The  timeliness  vdth  which  the 


information  must  be  reerrd'^d  and  c'-mmunicatf’d  to  this  black  b'-x  is  determined 
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by  the  purpose  for  which  it  ie  used.  Not  all  data  is  required  at  the  in¬ 
stant  it  is  generated;  efforts  to  provide  it  immediately  may  injure  system 
effectiveness . 

Consider  the  information  on  one  unit’s  morning  report  needed  on  the 
same  day  by  other  units  on  the  base  —  e*g.»  the  mess  officer  needs  to  know 
the  total  "head  count"  of  personnel  on  duty.  The  black  box  can  furnish 
this  information  to  him  if  it  can  accept  the  daily  change  notice,  process 
it,  and  transmit  the  required  information  to  the  mess  officer  quickly  enough. 
Otherwise,  the  organization  making  up  the  change  notice  will  have  to  prepare 
a  separate  head  count  for  the  mess  officer  by  other  means,  in  addition  to 
sending  the  change  notice  to  the  black  box  for  morning  report  preparation. 

R'-nPc;'rjmi.TTT73 

In  the  future  there  will  be  increased  automatic  data  processing.  It 
will  therefore  be  necessary  for  bases  to  concentrate  their  data  processing 
efforts  on  producing  highly  accurate  data  in  appropriate  standard  forms. 

This,  combined  with  the  input  data  control^  nerformed  by  the  data  proces¬ 
sing  center,  will  provide  a  solid  foundation  for  the  data  processing  system, 
and  will  almost  surely  result  in  a  greater  mechanization  in  this  area. 

In  addition  to  these  input  responsibilities,  there  exists  a  significant 
number  of  other  activities  which  are  within  our  definition  of  "data  nroces- 
sing"  and  v/hich  must  remain  at  the  base.  For,  while  it  might  be  possible  to 
do  so,  it  does  not  seem  desirable  to  attempt,  for  the  foreseeable  future,  to 
centralize  all  base  data  processing  activities. 


1 

See  Pollack,  on.  cit. 
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The  data  processinr,  operations  which  will  remain  at  each  base,  even 
within  a  centralized  system,  mipiht  Include:  the  maintenance  of  due-out  files 
in  Supply;  specialist  schedulln;;  and  dispatch,  and  work  order  control,  in 
Maintenance;  and  maintenance  of  ready  reference  files  in  Porsonne] ,  Those 
activities,  and  others  not  explicitly  Identified  at  this  time,  constitute 
the  nucleus  of  a  non-trivial  set  of  operations  which,  in  addition  to  the 
input  operations  described  above,  m.ust  be  performed  at  the  Air  Force  base. 

The  local  nature  of  these  Jobs,  and  their  lack  of  .impact  across  any  af^f^rcfia- 
tion  of  bases,  combine  to  m.ake  their  on-base  accomplishment  attractive. 
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V.  EFFECTIVE  USE  OF  EDP  AND  CCMMUhJICATIW 

This  section  discusses  the  data  processing  interrelations  among  the 
management  functions  at  a  base,  proposes  a  system  for  integrating  them,  and 
describes  their  characteristics  and  communication  needs.  Alternative  data 
processing  postures  within  these  systems  are  discussed. 

BASE  MAKAGEMEITT  FUNCTIONS  AMD  DATA  PROCES.SIh'G 

It  is  usual  practice  to  assign  management  responsibility  on  a  func¬ 
tional  basis.  The  major  management  functional  areas  at  most  Air  Force  bases 
are : 

1.  Maintenance 

2 .  Supply 

3.  Personnel 

U.  Financial  Services 

5.  Operations  and  Training 

6.  Air  Installations 

7.  General  Administration 

8.  Manpower  and  Organization 

While  the  functional  delineation  of  this  management  structure  is  the  foun¬ 
dation  on  which  to  build  any  data  processing  system,  centralized  or  decen¬ 
tralized,  there  are  two  possible  paths  the  data  processing  system  analyst 
may  follow;  (1)  he  may  list  all  the  appropriate  data  processing  functions 
required  to  accomplish  each  management  function,  duplicating  where  necessary, 
or  (2)  he  may  determine  all  possible  data  processing  functions  necessary  to 
perform  the  total  Job  without  duplication,  and  then  determine  to  which 
management  functions  each  is  appropriate. 

As  has  been  indicated  previously,  the  latter,  which  we  have  called  the 
’’systems  approach,"  is  the  better  of  the  two  when  there  are  many  interde¬ 
pendencies  among  the  various  management  functions,  as  there  are  at  Air  Force 
bases.  Table  1  lists  some  of  the  present  base  data  processing  functions 
and  the  management  functions  that  are  possibly  affected  by  them. 
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Table  1 


DATA  TROCESSING  FUNCTIONS 


Function 


Manapoinent  Functions 
Possibly  Affected^ 


Input  data  control 
Man-hour  accounting 

Scheduling  TOC,  periodic  and  field  maintenance 
Stock  Cataloging 

Supply  requirements,  e.g.,  automatic  requisi¬ 
tioning,  stock  level  computation,  excess 
item  activity 
Shipment  control 
Budget  accounting 
Flight  scheduling 
Personnel  scheduling 
Payroll  (civilian  and  military) 

Base  construction  and  maintenance 
lAM  and  materiel  accounting 


A 

A 

K,  S,  0 
H,  S,  F 


K,  S,  F 
M,  S,  F 
A 

O,  M 

P,  and  appropriate  function 
F,  P 

E,  F 

F.  S 


Abbreviations:  A  —  all  management  functions,  £  —  air  installations, 

F  —  finance,  G  —  general  administration,  M  —  maintenance,  0  —  operations, 
P  —  personnel,  S  —  supply. 


To  illustrate,  consider  the  absence  for  a  week  of  a  mechanic  whose 
AFSC  is  1717.  Personnel  needs  to  know  what  kind  of  absence  it  is,  e.g., 
sick  leave,  AWOL,  or  annual  leave;  Finance  is  primarily  interested  in 
whether  it  is  authorized  leave;  and  Maintenance  may  want  to  be  informed 
if  this  skill  is  critical  on  that  base.  All  these  functions  are  affected, 
oven  though  the  original  notice  of  his  absence  is  sent  to  the  personnel 
function  via  the  morning  report. 

It  is  desirable  to  have  an  integrated  data  processing  system  which 
will  furnish  needed  information  expeditiously  to  all  functions.  V/’e  now 


discuss  such  a  system. 
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THE  BASE  INFORMATION  CCTTER  (BIC) 

It  is  our  thesis  that  mass  data  interpretation,  evaluation  and  storage 
for  bases  should  be  accomplished  by  a  set  of  base  information  centers  (BIC’s) 
in  the  ZI.  The  following  discussion  assumes  that  each  BIC  will  be  the  data 
processing  focal  point  for  all  bases  in  its  domain.  A  later  section  dis¬ 
cusses  the  orientation  of  this  domain  by  major  operating  command  or  by  geo¬ 
graphical  region.  While  the  posture  which  is  desirable  for  missiles  may 
differ  in  some  details,  the  principles  stated  in  this  report  apply,  with 
very  few  exceptions,  to  missile  and  non-missile  bases  alike. 

Major  Data  Processing  Organizations  in  the  BIC  Era 

This  concept  provides  that  the  bulk  of  Air  Force  logistics  data  proces¬ 
sing  be  done  by  the  following  organizations: 

1.  A  Weapon  System  data  processing  center  (DPC)  for  each  of  the  major 
Weapon  Systems  —  where  the  supply  balances  of  the  weapons  accounts  at  the 
various  bases,  and  the  balances  of  th(J  weapon  system  storage  sites  will  be 
maintained,  with  the  weapon  system  assets  under  the  control  of  the  Logistics 
Support  Manager.  This  manager  will  provide  the  necessary  individual  and 
consolidated  reports  to  the  appropriate  commands  and  property  class  (or 
commodity)  managers.  (See  Appendix  A  for  information  flow  in  a  typical 
major  weapon  system. ) 

2.  A  data  processing  facility  for  each  of  the  AMA’s  —  where  supply 
balances  for  their  depots  will  be  maintained  by  property  (or  commodity) 
class.  Data  processing  at  the  AMA  is  concerned  primarily  with  depot  inven¬ 
tory  management  to  satisfy  requisitions  on  the  depot  and  to  accomplish  the 
requirements  calculations  for  the  various  property  (or  commodity)  classes 
under  the  control  of  that  AMA.  In  addition,  the  AMA  data  processing  facility 
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will  compute  the  Master  Repair  Schedule.  The  BIG  will  be  the  link  between 
bases  and  the  AMA’s. 

3 .  A  Rase  Information  Center  for  each  of  several  domains  in  the  con¬ 
tinental  United  States  —  which  will  maintain  the  records  (e.g.,  personnel, 
supply,  and  financial)  for  each  of  several  aggregations  of  bases  in  its  domain. 
It  will  be  responsible  for  providing  the  necessary  individual  and  consoli¬ 
dated  reports  to  the  appropriate  commands  and  property  class  (or  commodity) 
managers,  as  well  as  to  management  at  the  base.  (See  Appendix  B  for  infor¬ 
mation  flow.)  The  operation  of  each  BIG  will  require  the  close  cooperation 
of  the  various  Air  Force  elements  concerned.  (See  Appendix  C  for  Base- 
Regional  BIG  Information  Flow,  and  Appendix  E  for  Base-Command  BIG  Informa¬ 
tion  Flow) 

Characteristics  of  a  BIG  System 

In  order  to  give  some  feel  for  th*'  resulting  structure,  we  will  con¬ 
sider  a  BIG  system  organized  on  a  regional  basis,  with  a  BIG  located  at 
each  of  eight  AMA’s  in  the  ZI.  At  the  end  of  this  chapter  we  discuss  con¬ 
siderations  relevant  to  determining  the  most  advantageous  centralized  data 
processing  posture,  oriented  by  region  or  command. 

1.  Each  BIG  will  service  about  20  bases. 

2.  The  expected  daily  transaction  volume  at  each  BIG  for  three  of 

the  major  functions  is: 

a.  30,000  -  UOfOOO  supply  transactions^ 

b.  20,000  -  30,000  financial  transactions 

c.  5,000  -  10,000  personnel  transactions 

This  assumes  that  major  weapon  systems  are  keeping  their  own  supply 
records  at  their  DFG  and  not  at  the  BIG. 
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3.  The  expected  volume  of  Master  Records  at  each  BIG  for  these 
functions  is: 

a.  300,000  -  500,000  supply  master  records^ 

b.  50,000  -  75(000  financial  master  records 

c.  100,000  -  125(000  personnel  master  records  (ratio  of  military 
to  civilian  is  approximately  3  to  1. ) 

These  volumes,  though  large,  are  well  within  the  capability  of  current 
large-scale  computers.  One  such  modern  large-scale  computer,  renting  for 
approximately  twice  as  much  as  a  co-called  medium-scale  machine,  makes  it 
possible  to  increase  data  processing  capacity  far  in  excess  of  this  ratio. 

The  Use  of  Air  Force  Experience  in  Hardware  Determination 

It  is  apparent  each  BIG  will  require  large-scale  EDPE  to  perform  its 
functions  for  the  approximately  20  bases  in  its  region.  This  study  will 
utilize  the  following  Air  Force  sources  of  information  as  an  aid  in  deter¬ 
mining  the  proper  type  and  number  of  such  EDPE  with  its  associated  non¬ 
electronic  equipment: 

1.  OGAMA  experience  on  the  B-52AC-135  weapon  system,^  which  is 
operating  under  the  ELEGTRO  LOGS  c-,,ncept; 

2.  SAAMA  experience  on  a  test  of  automatic  resupply  for  ADG  bases; 

3.  Monthly  AFE6  reports  which  mechanized  bases  and  bases  using  EDPE 
send  to  their  commands; 

U-  Monthly  Base  Supply  Reports  (RGS-Sl). 


1 

This  also  assumes  that  major  weapon  systems  are  keeping  their  own 
supply  records  at  their  DPG  and  not  at  the  BIG. 

2 

See  S.  Pollack,  op.cit . 
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BASK-BJC  COMIIUNICATICN 

Wliatever  the  procedures  employed,  a  fa'^damental  requirement  of  base 
(lata  processing  is  to  communicate  data  generated  by  the  several  base  activi¬ 
ties,  from  the  point  of  generation  to  the  point  where  it  is  summarized  and 
p’-  jcessed,  and  thence  to  the  point  where  the  results  are  required  for 
management  decisions.  In  a  base  data  processing  posture  which  includes 
the  concept  of  BIC*s,  the  point  where  data  is  generated  and  the  point  where 
it  is  summarized  and  processed  are  rather  far  from  each  other;  the  concept 
does  not  significantly  change  the  distance  between  the  processing  point 
and  Ai-'C  or  major  command  headquarters.  Thus  the  BIG  concept  increases  the 
problem  of  off-base  data  communication. 

A  study  of  the  technology  of  communications  equipment^  reveals  that  a 
communication  system  v/hich  will  meet  the  requirements  of  the  BIG  time  period  — 
in  term,s  of  vol’Jme,  timeliness,  and  accuracy  —  is  feasible.  Further,  this 
system  would  be  equally  as  responsive  as  the  on-base  communication  system 
which  would  be  required  if  data  s'jmmarlzation  and  processing  were  carried 
out  primarily  at  the  base  level.  Th“  cost  of  such  a  data  communication 
system  will  certainly  be  greater  than  that  of  a  base-centralized  system. 

However,  improvements  in  the  present  logistics  communications  network  are 
necessary  in  any  case.  The  extent  to  which  the  Improvements  presently  pro¬ 
grammed  are  inadequate  for  a  DIG  type  system — if  at  all — cannot  be  accurately 
Judged  at  this  time.  In  actuality,  the  additional  cost  of  communications  may 
therefore  prove  to  be  negligible.  Whatever  the  cost  involved,  it  can  be 
evaluated  only  by  comparing  it  to  the  dollar  savings  attainable  through  (l)  propc’r 

I 

To  be  reported  upon  separately  in  a  forthcoming  paper. 
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uae  of  BIG  large-scale  EDPE  as  compared  with  small  or  medium-scale  EDPE  used 
at  each  of  the  bases,  and  (2)  the  better  system  raanagem.ent  made  possible  by 
this  concept. 

Non-electrical  Corjnunicalion 

The  most  efficient  method  of  sending  data  non-electrically  is  by  pos¬ 
tal  service.  The  Air  Force  has  tried  using  Log  Air  or  a  courier  service, 
for  example,  and  has  found  them  too  costly  and  too  unreliable  compared  with 
the  mails.  Where  the  timeliness  required  of  data  is  measured  in  days,  how¬ 
ever,  air  or  first-class  mall  offers  several  advantages  over  electrical  com¬ 
munications  : 

1.  Nail  is  generally  far  cheaper; 

2.  The  mails  are  very  simple  to  use,  i.e.,  there  are  no  network 
problems;  and 

3.  Data  classified  SECRET  can  be  sent  by  registered  mail. 

As  an  example  of  non-electrical  communication  cost,  we  could  assume 
an  average  volume  of  A, 000  base-BIC  transactions  per  day  for  each  of  the  I5O 
ZI  bases  to  be  serviced  by  the  eight  BIC’s.  The  annual  postage  cost  would 
be  about  1625,000  to  send  all  these  transactions  on  punched  cards  by  first 
class  mall.  It  is  clear,  however,  that  the  actual  system  would  have  a  mix 
of  electrical  and  non-electrical  communications,  determined  by  volume, 
tim.eliness,  and  cost. 

Electrical  Coirmunlcation 

Electrical  communication  cannot  be  discussed  comprehensively  in  general 
terms  because  of  the  many  factors  involved.  Ifany  electrical  techniques  are 
available  which  use  different  combinations  of  input-output  media,  modulation 
and  demodulation  techniques,  transmission  methods,  and  channel  bandwidths. 
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The  choice  of  an  el'*clrical  techn.lque,  or  rnor-e  realist  ically,  a  set  of  tech¬ 
niques  for  a  network  which  would  be  used  to  implemtjnt  a  data-flow  system, 
depends  on  many  considerations,  including: 

Location  of  communicating  points 
Volume  per  day 
Peak  rate 

Security  classification  of  data 

Invulnerability 

Batching 

Time  of  day  used 
Days  per  month  used 
Input-output  mecia 

Relative  priority  of  different  types  of  data  traffic 
Accuracy  and  error  checking 
liessage  length 

The  above  list  is  not  exhaustive;  only  some  of  the  more  important 
aspects  are  listed. 

For  convenience,  wc  classify  comniutij cation  as  point-tfj-p"int  if  infor¬ 
mation  is  directly  transmitted  between  a  pair  of  communicating  points,  and 
as  network-communication  if  it  occurs  among  more  than  two  points  in  a  system. 


Point-to-point  C'-’m'inication 

In  order  to  give  the  reader  some  feeling  for  the  speed  and  cost  of 
electrical  communication  methods,  several  point-to-point  techniques  (tele¬ 
type,  Data  Transceiver,  Dataphone,  Klneplex,  etc.)  have  been  selected  for 
illustration.  Assuming  that  transactions  (each  comprising  80  characters) 
are  being  transmitted  directly  from  each  base  to  its  BIG  by  the  above 
selected  methods,  the  time  required  to  transmit  4,000  transactions  ranges 
from  0.7  to  6.7  hours;  for  8,000  transactions  the  range  is  1.4  to  13.4  hours. 
If  similar  methods  were  used  continuously  for  eight  hours,  4, POO  to  100,000 


transactions  could  be  transmitted. 
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Large  volumes  of  infomation  can  be  transmitted  on  a  point-to-point 
basia  at  reasorable  cost. 

Network  Communications 

Consider  now  a  communication  network  which  can  use  any  of  the  above 
methods  in  conjunction  with  switching  centers.  For  costing  purposes  we  again 
assume  a  total  communication  load  of  600,000  to  1,200,000  transactions  per 
day  for  the  150  ZI  bases.  Many  types  of  systems  could  be  used  in  sending 
these  transactions  electrically,  depending  largely  on  other  electrical  com¬ 
munications  requirements.  As  an  example,  an  improved  type  of  AI'C  Logistics 
Transceiver  Network  (LOGCOM)*  geared  to  base-BIC  communication  needs,  would 
cost  in  the  range  of  six  bo  eight  million  dollars  per  year  for  the  entire 
network  in  the  continental  United  States.  Since  such  a  network  could  con¬ 
tinue  to  serve  many  other  needs,  as  does  the  present  LOGCOM,  only  part  of 
this  cost  would  be  applicable  to  the  BIC  system. 

V/e  wish  to  emphasize  that  networks  capable  of  dealing  with  transaction 
volumes  of  20, COO  transactions  or  more  per  day  per  base  can  be  established; 
the  limitations  faced  are  monetary  rather  than  technical. 

Conclusions 

Electrical  communication  methods  can  be  used  to  provide  high-speed  data 
flows  at  reasonable  cost,  and  the  implementation  in  the  1960*8  of  a  flexible, 
high-speed,  high-capacity  electrical  network  for  logistics  data  communica¬ 
tion  is  essential  for  the  successful  operation  of  a  BIC  system.^ 


1 

See  Section  I  for  fuller  discussion  of  need  for  high-speed  communication. 
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ALT.KHtv'ATIVE  CEIJTRAIJZED  DATA  PKOCKSSIKP,  POSTUREG 

Given  the  uffmise  that  many  of  th<i  data  procuGsing  functions  presently 
acc( mplished  at  individual  bases  shoiild  be  performed  at  a  lemoLo  central 
location,  there  are  several  possible  central  processing  systems  of  varying 
feasibility.  The  regional  BIG  is  one.  Ainither  is  a  BTC  for  each  of  the 
major  corrimands,  which  processes  data  for  all  logistics  functions  of  that 
command’s  bases.  A  third  possibility  is  the  designation  of  an  appropriate 
higher  echelon  to  proc;!SS  a  particular  function  for  all  Air  Force  bases. 

Before  discussing  th«se  systems,  let  us  consider  the  several  data  pro¬ 
cessing  echelons  in  tho  Air  Forc^  today.  Data  oft'-n  travel  from  one  echelon 
r,o  h"n  with  censolidat.irn  •j:metim'''3  cccurrirjr  along  the  way.  There  are 
two  l••■•’Forn>  for  this:  (l)  th«  existing  chain-of-commnd  concept,  and  (2) 
the  past  state-of-the-art  of  data  processing  equipment,  which  required  the 
proc'^s'dng  to  be  don^*  at  ccV'^ral  echelons  to  prevent  any  cne  echelon  from 
being  overloaded  with  work. 

With  r“gard  to  (l)  above,  design  of  a  cernprehensive  Air  Force  base  data 
['recessing  system  through  which  a  piece  of  paper  moves  must  take  into  account 
whether  th"  persons  who  get  it  really  need  to  take  any  action  on  it  or  whether 
they  rubber-stan'p  it  "endorsed"  and  move  it  on.  Paper  should  move  thrnugfi 
channels  only  for  good  reason. 

V/ith  Tf’gard  to  (2)  above,  it  is  apparent  that  the  state-of-the-art  of 
data  processing  equipm'^nt  is  now  so  advanced  that  it  is  net  necessary  to 
delegat''  the  processing  to  various  '’chelons  of  command;  by  1962,  certainly, 
it  should  be  possible  to  do  the  processing  for  20  to  40  bases  at  one  place. 

For  the  sake  of  simplicity,  we  m.ay  ca  egorize  the  three  syst<'ms  m.on- 


aionei  above  as: 
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1.  Rep.ional  Base  Information  Center 

2.  Command  Base  Information  Center 

3.  Functional  Center 

These  systems  <are  distin/^uished  by  the  fact  that  whereas  a  regional 
BIC  would  evaluate,  interpret,  and  store  information  applicable  to  all  func¬ 
tions  at  the  bases  in  its  region,  a  Command  BIC  would  do  so  for  all  functions 
at  all  the  bases  in  its  Command.  A  Functional  Center,  on  the  other  hand, 
would  evaluate,  interpret,  and  store  information  for  all  bases  in  the  Air 
Force  for  the  particular  function  at  hand.  Let  us  discuss  several  of  the 
considerations  relevant  to  each  kind  of  center. 

The  BIC;  Command  or  Regional 

Throughout  this  paper  we  have  discussed  the  BIC  as  though  it  were  re¬ 
gionally  oriented.  The  need  for  assuming  a  particular  orientation  was  dic¬ 
tated  by  our  desire  to  present  some  idea  of  the  costs  and  other  specifics 
involved.  The  concept  of  a  BIC  as  a  functionally  integrated,  geographically 
centralized  data  processing  organization  is,  however,  not  materially  affected 
by  organizing  it  within  a  command  structure  or  within  a  regional  structure. 

In  either  case  it  would  perform  a  substantial  portion  of  the  base  data  pro¬ 
cessing  workload,  efficiently  store  and  make  available  to  the  base  informa¬ 
tion  necessary  for  base  logistics  management  functions,  and  provide  necessary 
reports  and  information  to  the  operating  and  functional  commands  involved. 

We  cannot  overemphasize  the  importance  of  thus  integrating  these  data  pro¬ 
cessing  functions,  so  that  the  impact  of  decisions  in  one  area  can  be  re¬ 
flected  in  others. 

The  command  BIC  is,  indeed,  an  interesti.ng  alternative  to  the  regional 
BIC.  It  offers  a  posture  whereby  information  which  normally  belongs  in  the 
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base-conmarni  information  flow  channel  need  not  be  diverted  from  that  channel 
to  a  rer,ional  DIG  and  then  returned  after  procesoing.  Although  AMC  depots 
comprise  most  of  the  off-base  f)olnts  to  which  supply  information  is  sent 
from  bases  or  from  which  it  is  received,  most  other  off-base  information 
flows  are  concerned  directly  with  operating  comjnand  prerogatives  and  responsi¬ 
bilities  and  h‘’nce  must  tie  bases  to  their  respective  operating  commnds. 

From  this  standpoint,  and  in  view  of  the  integration  objective  described 
previously,  it  is  interesting  to  consider  a  posture  involving  one  BIG 
(including  the  supply  data  processing  function)  at  each  of  the  major  command 
headquarters . 

There  are,  however,  come  problcm.s  associated  with  a  corrmand  BIG,  as 
comfarei  wit.h  a  regional  BIG,  which  should  be  mentioned.  The  first  is 
that  of  joint-tenant  ergarisati^ns  on  a  base.  At  present,  many  bases  house 
one  or  ren  tenant  organ! satior.s  from  other  cerraands.  The  long  range  ten¬ 
dency  re-i to  be  eitiier  to  disierse  to  smaller  and  smaller  units,  to  locate 
sevral  very  ;-'“all  units  of  a  nu-^ber  of  operating  commands  at  a  base  actually 
identified  wit.h  only  one,  or  to  do  both.  The  problem  of  communication  be- 
tv,"'<.n  each  ef  thoo'?  units  and  its  operating  coirm.and  is  far  from  trivial 
new  aid  is  likely  to  grow  iriore-asirgly  more  severe.  Its  solution  is  not 
rea'.lily  apparent.  It  may  be  that  the  comnand  BIG,  to  which  the  base  i-nports, 
can  be  equipped  to  process  ard  store  logistics  data  for  each  of  the  tenant 
units  on  that  base.  If  thia  proves  inadvisable,  that  BIG  might  act  as  a 
corn'minicatiens  relay  point  between  each  tenant  unit  and  its  own  operating 
cemmand.  Or  finally,  the  communications  network  night  be  developed  so  as 
to  cennect  “ach  such  unit  directly  with  its  own  operating  comjtiand. 
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At  leait  tvo  major  profelems  arise  with  respect  to  communications. 

Both  are  largely  coet  problems  and  do  not  necessarily  represent  technological 
liniitatlone .  The  firet  1«  the  necessarily  greater  number  of  communications 
points  in  the  command  BIC  posture,  as  suggested  above.  The  second  is  the 
longer  lines  of  communication  implied  by  the  same  posture.  To  enable  the 
BIC  to  function  as  a  ready  infonr.ation  repository  for  the  base,  we  have 
assumed  a  direct  communication  link  between  each  base  and  its  BIC.  If  we 
are  willing  to  relax  this  requirement  and  insert  a  switching  center  into 
this  link,  the  communications  problem  of  the  command  BIC  is  greatly  eased. 

If  we  are  not  willing  to  do  so,  then  the  Increase  in  communication  costs 
may  be  as  much  as  $15,000,000  per  year  if  the  problem  of  tenancy  is  ignored} 
and  if  the  tenant  units  are  also  required  to  communicate  directly  with  their 
own  commands,  then  the  communication  costs  may  be  substantially  more. 

We  should  also  keep  in  mind  that  it  is  not  necessary  for  all  data  to 
be  communicated  by  electrical  means.  First  class  mall  and  airmail  are 
very  attractive  for  transmitting  certain  logistics  information.  The  time 
lag  introduced  by  mail  communications  in  the  command  BIC  posture  is  likely 
to  be  larger  than  that  in  the  regional  BIC  situation,  but  the  difference 
Hn»i?  not  seem  to  be  very  significant. 

The  problem  of  triggering  interbase  shipments  of  materiel  is  facilitated 
by  the  geography  of  the  regional  BIC  system  but  by  the  organization  of  the 
command  BIC  plan.  It  seems  protible  that  the  latter  represents  the  greater 
advantage. 

The  Functional  Center 

The  functional  center  (e.g.,  finance  center,  personnel  center,  supply 
center,  etc.)  maintains  information  on  a  single  function  for  all  bases  in 
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the  continental  Unite J  States.  Throughout  this  report  we  have  stressed 
that  many  important  interrelationships  exist  amon;^  these  functional  areas. 
(Figure  1  portrays  some  of  them.) 

Our  purpose  here  is  to  specify  a  system  which  will  reflect  the  impact 
of  activities  performed  in  one  functional  area  on  other  functional  areas. 

It  seems  clear  that  this  would  not  be  possible  if  separate  functional  data 
processing  centers  were  established  in  lieu  of  niC*s.  For  t)iese  major 
reasons,  the  functional  center  has  been  identified  as  a  relatively  uninter¬ 
esting  alternative  to  the  RIC  and  will  not  be  dealt  with  in  this  report. 

SUmRIZED  OaiECTIVES  OF  THE  BIG  3YSTEK 

A  base  information  center  is  intended  to  establish  and  maintain  data 
files  and  process  data  for  a  set  of  bases.  By  doing  so  for  all  major  base 
management  functions,  it  will  minimize  duplication  of  filing  and  processing 
data  and  provide  each  functional  element  of  management  with  pertinent 
information. 

The  additional  communication  costs  required  for  the  BIC  system  are 
more  than  offset  by  the  savings  possible  through  the  efficiency  of  large- 
scale  computers.  At  the  sane  time,  base  management  needs  can  be  satisfied 
as  expeditiously  by  BIC  as  it  can  by  a  data  processing  center  at  the  base. 

BIC,  serving  as  a  data  orocessing  organization  for  bases  in  the  various 
major  commands,  will  assist  these  commands  in  seeing  that  many  of  their 
directives  are  properly  executed. 
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Figure  1— A  SAMPLE  OF  FUNCTIONAL  INTERRELATIONSHIPS  AT  A  BASE 


VI .  RESULT  PRESENTATION 


An  efficient  system  for  Air  Force  base  data  processing  will  furnish 
information  promptly  at  the  time  it  is  required  for  management  decisions,^ 
enabling  the  responsible  manager  to  act  judiciously  without  further  need 
to  process  Information  or  to  compensate  for  its  lack  of  timeliness.  This 
section  discusses  the  underlying  considerations  in  the  development  of  the 
result  presentation  phase  of  a  new  data  processing  system,  including  as  it 
must  the  new  capabilities  in  presentation  available  now  and  in  the  near 
future . 


REPORTS  CCNTRCL 

The  question  of  who  pets  what  report,  and  how  frequently,  has  always 
been  a  knotty  one  in  large  organizations.  One  reason  for  this  is  that 
management  often  initiates  new  reports  without  discontinuing  old  ones  no 
longer  required.  A  new  manager  coming  into  an  organization,  for  example, 
is  likely  to  feel  that  the  reports  initiated  by  his  predecessors  do  not 
have  all  the  information  he  needs.  It  is  often  easier  for  him  to  order 
additional  reports  and  let  the  old  ones  continue  as  well,  rather  than  to 
discontinue  them.  This  is  especially  true  if  he  is  not  the  only  one  who 
gets  them  and  if  he  assumes  that  the  other  recipients  probably  need  the 
Information  on  the  old  reports. 

The  Air  Force  has  attacked  this  problem  by  establishing  a  reports- 
control  group  at  each  echelon  of  command.  This  group  is  charged  with  the 
responsibility  to: 


"Tor  an  example  of  such  a  system  and  its  theoretical  background,  see 
D.  S.  Stoller  and  R.  L.  Van  Horn,  liana T^ment  Information  for  the  Maintenance 
and  Operation  of  the  Strategic  Missile  Force.  The  RAIID  Corporation,  Research 
Memorandum  rLW-2131,  30  April  1958.  official  use  only;  AFR  190-16.) 
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1.  Chfick  requested  reports  fer  possible  duplication  of  est-ab- 
11  Hh(.*d  reports; 

2.  Help  the  initiator  of  the  report  to  establish  its  form; 

3.  Help  the  initiator  write  the  p, riding  directive  to  the  units 
that  will  provide  the  renortj  <•  id 

U.  Survey  all  reports  periodicallj’  to  determine  if  they  are 
still  needed  or  require  amending. 

This  repnrts-control  group  can  be  stren/ thened  by  providing  it  with 
personnel  experienced  in  the  various  functions,  such  as  supply  and  person¬ 
nel,  who  can  question,  on  a  technical  basis,  the  need  for  much  of  the  infor¬ 
mation  in  the  report  or  even  for  the  report  itself;  it  will  further  be  neces¬ 
sary  to  give  this  group  the  authority  to  exercise  its  control.  In  the 
future,  when  most  of  the  information  that  management  might  request  will  be 
readily  available  from  the  EDPE,  it  would  be  particularly  appropriate  to  in¬ 
clude  EDP  system  analysts  in  the  repiorts-control  group. 

Pu~P<"-KT3  IH  A  CENTPvALTZFD  DATA  PROCESSIICG  SYSTEM 

Reports  of  base  activities  serve  one  of  the  following  purposes:  (1) 
they  provide  helpful  information  for  diagnosing  management  problem  ar^as 
at  a  base,  (2)  notify  m.anagement  that  its  action  is  required,  (3)  enable 
management  to  plan  future  action,  (4)  exercise  control  of  documents,  and 
(5)  satisfy  legal  requirements. 

Reports  for  Kanag«:*r"nt  Dlarnosis 

Presently,  the  time  lag  between  when  a  manager  needs  a  particular 
piece  of  information  and  when  the  Statistical  Service  group  can  provide  it 
is  often  so  long  that  the  information  is  worthless  to  him  when  he  gets  it. 

To  protect  himself,  the  m.anager  generally  requests  a  report  containing  this 
information  monthly,  weekly,  and  sometim.es  daily,  even  though  he  may  need 
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the  information  onJ^’  three  or  four  tin<»5  a  year.  V^itli  the  advent  of  lar-/’/*- 
Bcale  EDPE,  which  can  accumulate  and  readily  furnish  information  the  manar.ur 
may  need,  he  will  no  loni'er  need  certain  re/;iilarly  scheduled  reports.  For 
example,  Command  Headquarters  v/ould  require  some  of  the  information  con¬ 
tained  in  the  Base  Supply  Report^  and  other  functional  Information  only 
when  the  base  appeared  to  be  in  trouble,  as  indicated  by  a  high  AOCP  rate 
or  a  low  number  of  training  flights  as  compared  with  those  of  similar  bases. 
In  fact,  computer  programs  can  be  written  to  compare  performance  information 
against  standards  specified  by  management,  and  automatically  send  reports 
to  appropriate  managers  when  minimum  standards  are  not  being  satisfied. 

Reports  for  Maragement  Action 

The  manager  should  certainly  receive  reports  that  require  his  action. 

The  action  may  be  negative  —  ;L.e.,  he  may  decide  that  nothing  has  to  be 
dene  —  but  such  reports  nevertheless  reflect  a  situation  that  had  to  be 
brought  to  his  attention. 

Consider  an  example  of  this  kind  of  rej)ort.  If  the  funds  for  n  pai-ti- 
cular  base-budgeted  project  fall  below  a  specified  level,  and  there  has  hni'n 
no  automatic  provision  made  for  transferring  funds  from  oth»r  sources,  the 
EDP  system  could  so  notify  the  appropriate  manager,  give  him  other  pertinent 
information  (such  as  original  allotment  and  uncommitted  balance  of  funds 
that  can  be  tapped)  and  thus  permit  him  to  take  appropriate  action.  The 
system  could  also  notify  a  base  supply  manager  that  materiel  is  being  shipped 

_ 

Tt  is  interesting  to  note  that  Headquarters  U3AF  had  been  getting  con- 
s'^lidaticns  of  the  Base  vCupply  Report  from  the  major  Commands,  but  recently 
directed  that  it  no  longer  receive  them.  Am'=’ndm"nt  62,  Volume  I,  of  AFII  67-1 
no  longer  lists  Headquarters  U5AF  in  the  distribution. 
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In  hie  b-iiie,  <intj  thus  "D.ibi*;  him  to  tak*?  such  action  as  notifyinf;  th'* 
r«quostln^  orn.iniziti nn  and  th‘'  warehouse  imnaiv*r. 

Ropoi'ts  Tor  y.Tinrnn'^nt  Pl’^nniru' 

The  rraniqor  will  also  require  rejiorts  that  onable  him  to  plan  his 
future  course  of  action.  Information  for  this  phase  of  his  activity  pres¬ 
ently  conios  mostly  from  periodic  reports.  In  the  ultimate  system,  when 
many  analytical  computer  fironramo  have  been  developed,  the  periodicity  of 
many  of  these  reports  will  be  eliminated  and  valuable  analytic  results 
will  be  providf'd  the  manar/ar.  For  example,  analysis  of  unfilled  personnel 
authorizations  may  hiqhlif;ht  unrealistic  manning  documents  so  that  future 
planning,  can  be  improved.  As  another  example,  analysis  of  actual,  as  com¬ 
pared  to  predicted,  demand  rates  for  spire  parts  can  help  those  proparinR 
to  provision  for  a  new  weanon  comparable  to  a  previous  one. 

Reports  for  Documont  Control 

A  fourth  kind  of  report  presently  being  transmitted  is  the  control 
typo,  such  as  a  voucher  register  or  a  daily  transaction  register.  It  is 
convenient,  of  course,  for  a  base  to  receive  a  daily  transaction  register, 
and  it  is  reassuring  to  the  manager  to  see  if  all  the  transactions  ho  sont 
to  the  remote  data  processing  center  have  been  received  and  processed;  it 
may  be  possible,  however,  to  achieve  this  checking  feature  at  a  much  lower 
5Dst  to  the  system.  For  example,  the  remote  center  could  be  required  to 
send  him  a  list  of  voucher  numbers  and  document  num*bers  (for  non-vouchered 
items)  against  which  he  could  check  his  own  list,  or,  preferably,  simply 
to  perform  this  check  automatically  and  report  only  the  discrepancies.  It 
is  more  convenient  for  the  manager  to  check  two  lists  of  numbers,  and  still 
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more  convenient  to  trace  onl.v  the  discrepancies,  than  to  check  a  corres¬ 
ponding;  list  of  trinsacti  0113 .  While  r-Jundancy  for  chocking  purposes  i  a 
a  roquirement  of  current  data  proceasinj;,  there  should  bo  little,  if  any, 
need  to  burden  th®  manai^er  with  extraneous  o’  redundant  information  for 
checking  the  system,  as  electronic  data  generation  and  processing  become 
more  reliable  and  sclf-checking. 

Reports  to  Satisfy  Legal  Requirements 

One  class  of  reports  stems  from  laws  passed  by  Congress.  For  example, 
Conrress  lias  required  that  the  three  services  maintain  monetary  inventory 
accounting,  specifically  stating  that  these  systems  should  be  in  addition 
to  quantitative  property  r'-cords.^  This,  of  course,  has  resulted  In  reports 
by  banes  on  monetary  inventory  accounting  which  go  through  channels  up  to 
Congress . 

Some  reports  are  used  for  legal  purposes.  An  example  of  this  is  the 
morning  report,  which  records  actions  of  memb»rs  of  the  unit;  it  may  be 
required  as  evidence  in  courts-martial  and  claims  against  the  government. 

The  fact  that  the  morning  report  is  presently  a  legal  document  should  not 
deter  data  processing  systems  analysts  from  developing  a  suitable  substi¬ 
tute.  In  an  automated  data  processing  system,  vfhere  the  morning  report 
may  not  be  a  suitable  document,  analysts  must  be  free  to  develop  appropriate 
docur.rnts  that  fit  the  system  better  and  still  satisfy  legal  requirements. 

HARI7.VARF,  FOR  RESL^LT  FRESEOTATICN 

The  BIC  will  provide  reports  to  the  bases,  the  operating  commands,  and 
the  functional  commands,  e.g.,  the  AIIC  and  the  Finance  Center.  It  is 

1 


Public  Law  2].6,  61st  Congress. 
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linporLAnt  that  these  reports  be  pi'eser^tecl  in  a  maiiner  convenient,  timely 
and  useful  to  them;  equipment  to  do  this  is  presently  available  or  being 
developed . 

The  automatic  quotation  boards  that  show  opening,  closing,  and  last 
sale  prices  of  stocks  on  the  various  exchanges  are  now  in  widespread  commer¬ 
cial  use.  The  fact  that  these  boards  can  reflect  rapidly  changing  situations 
suggests  their  potential  use  in  Air  Force  applications. 

Another  kind  of  report,  a  graph,  can  be  directly  created  by  the  com¬ 
puter.  The  computer  can  aggregate  data  over  specified  time  periods  and 
present  it  graphically  by  means  of  plotters  connected  to  the  computer. 

Cathode  ray  tube  display  is  still  another  tool  available  for  presenting 
management  with  the  information  it  needs.  An  accessory  device  can  photograph 
the  cathode  ray  tube  display  so  that  the  manager  can  have  a  permanent  record 
of  the  information. 

Today  the  emphasis  in  output  equipment  is  on  the  high-speed  printers, 
which  can  print  several  thousand  lines  per  minute.  While  we  recognize  the 
need  for  high-speed  printers  for  certain  projects,  management  will  need  them 
less  and  less  as  EDPE  itself  accemplishes  more  and  more  of  the  analysis.  It 
cannot  be  stressed  enough  that  a  manager  very  often  gets  too  much  information 
rather  than  too  little,  with  the  result  that  he  is  unable  to  organize  and  use 
it.  He  will  be  able  to  function  better  if  this  information  can  be  analyzed 
and  directed  toward  a  clear  raanagement  purpose. 

SIPCJARIZED  PRIi;CIFI,E3  OF  RESULT  PF.E3EI'iTATIC;j 


A  reports-control  group  comprising  functional  and  EDPE  specialists 
should  carefully  investigate  the  requirements  for  reports  in  the  BIG  system. 
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Reports  triggering  managerial  action  should  confine  their  content  to 
that  information  relevant  to  m/inagement  actions. 

As  data  generation  and  processing  become  more  reliable  and  self-checking, 
there  should  be  little,  if  any,  need  to  burden  the  manager  with  extraneous 
or  redundant  infomation  for  manually  checkinp;  the  system. 

Finally,  the  FDPE  should  accomplish  as  much  of  the  routine  analysis 
a?  possible,  leaving  managers  free  to  concentrate  on  more  complex  problems. 
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VTI.  DATA  PROCF.SSTNG  I'E^nSONNEL  AND  MANNING 

SPKCTALTZFD  SKILL  TRATMIWG 

Personnel-training  problems  for  the  various  operating-skill  levels 
needed  in  data  processing  activities  at  all  command  levels  fall  into  four 
ma.'ior  categories  associated  wltht 

1.  Data  generation  and  input  to  the  system} 

2.  The  automatic  data  processing  phase} 

3.  Specialized  training  of  non-data-processlng  management  and  opera¬ 
ting  personnel  in  using  and  interpreting  the  outputs  of  the  system}  and 

U»  Selection  and  training  of  data  processing  and  management  personnel 
in  order  to  improve  personal  relations  of  all  men  working  together. 

Although  it  is  obvious  that  these  four  categories  are  closely  inter¬ 
related,  we  shall  discuss  them  separately.  The  main  reason  for  this  separa¬ 
tion  is  that  these  categories  have  received  unequal  emphasis  in  the  past, 
and  hence  unequal  changes  in  present  Air  Force  policy  are  suggested. 

Input  Personnel 

Wo  have  indicated  previously  that  accurate  and  timely  data  input  is 
the  foundation  of  any  effective  autom.atic  data  processing  system.  Adequate 
procedures  to  insure  that  the  data  processed  is  accurate  (and  as  complete 
as  the  system  requires)  and  timisly  (minutos-old  or  days-old  according  to 
system  needs)  are  absolutely  essential. 

Personnel  and  equipm.ont  concerned  with  the  entry  of  data  into  the 
system  are  therefore  assigned  a  difficult  and  Important  task.  Elsewhere 
in  this  paper  we  have  discussed  the  role  of  mechanization  in  easing  this 
task  and  reducing  personnel  requirements.  Let  us  now  consider  the  role  of 
the  personnel  who  are  still  needed. 
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Until  recently,  there  has  been  very  little  input  activity  in  thn  ba?'- 
data  processing  structure.  As  wa  now  begin  to  implement  such  an  activity, 
and  as  its  scope  and  necessary  emphasis  Increase  rapidly  for  the  next  few 
years,  appropriate  training  and  manning  procedures  must  be  developed  and 
implemented. 

The  machines  and  techniques  which  we  have  described  in  a  previous 
section  must  be  employed  by  personnel  comipletely  fam.lliar  with  their  use 
and  purpose.  Equlpnent  maintenance  will  be  as  necessary  as  that  of  a  radar, 
fire  control,  or  propulsion  system.  Althou;rh  most  automatic  data  input 
devices  will  bo  som.ewhat  simpler  than  their  airborne  counterparts  (exceptions 
will  probably  include  coming  developments  in  the  field  of  automatic  checkout 
equipment),  a  high  level  of  technical  kn'"-/! '■>  !r'r.  will  be  required  to  undnf- 
stand  their  use  and  purpose. 

For  those  reasons,  personnel  performing  or  responsible  for  data  input 
will  require  extensive  training.  It  will  no  longer  be  possible  to  entrust 
the  job  to  personnel  whose  training  is  limited  to  aircraft  equipment  mainte¬ 
nance  or  warehousing,  and  who  will  not  have  a  sufficient  understanding  of 
the  importance  of  its  accuracy  and  timeliness. 

It  has  been  pointed  out  that  data  should  almost  always  be  recorded 
manually  only  one®,  either  by  keying  some  device  s\ich  as  a  typewriter  or 
by  recording  it  in  handwritten  machln"-readable  form.  Consequently,  we 
wish  to  emphasize  tiiat  inrut  action  should  become  the  basis  for  the  entire 
system  operation.  As  a  direct  or  indirect  by-product  of  this  operation, 
all  subsequent  d»ta  flows  and  retranscrirtions  will  be  carried  out  auto¬ 
matically,  both  within  the  base  and  between  bases  and  hirher  echelons.  To 
the  extent  that  this  is  true,  the  opportunity  to  check  and  recheck  the 
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input  data  manually  will  no  lonrer  be  available.  While  such  a  concept  does 
Indeed  magnify  those  problems  of  accurate  and  timely  data  input  which 
formerly  seemed  minor,  the  potential  direct  benefits  from  insuring  accurate 
data  input  are  very  lar^e. 

Personnel  in  the  Automatic  Processing:  Phase 

In  contrast  with  current  policies  for  lower  echelon  data  input  person¬ 
nel,  the  Air  Force  policies  for  selecting  personnel  to  man  headquarters- 
level  EDPE  operations  have  recognized  their  highly  technical  nature.  There 
is  already  reasonable  emphasis  at  the  level  of  computer  programming  and 
codinp,  and  although  Air  Force  data  processing  activities  are  not  now 
staffed  exclusively  with  experts,  the  trend  seems  definitely  to  be  in  that 
dj  rection. 

Two  areas,  however,  have  not  yet  received  adequate  emphasis:  advanced 

computer  programming  techniques,  and  management  of  EDPE  installations.  As 

the  Air  Force  increasingly  uses  EDPE,  it  will  be  necessary  to  train  key 

personnel  at  each  installation  in  optim.al  techniques  for  equipment  usage. 

It  has  been  amply  demonstrated  that  the  success  or  failure  of  an  entire 

EDP  installation  can  depend  upon  this  single  factor;  therefore,  it  appears 

essential  that  such  training  should  be  augm.ented  by  several  years  experience 

in  actual  computer  operations. 

/ 

The  personnel  managing  a  computer  installation  will  also  require  ade¬ 
quate  training  and  experience  before  they  can  make  proper  decisions  at  a 
technical  level.  Week-long  "executive”  courses  are  entirely  inadequate  for 
this  purpose.  Experience  as  a  programmer  and  coder,  subsequent  experience 
at  the  minor  supervisory  levels,  and  overall  familiarity  with  computer 
operations,  should  be  part  of  any  truly  optimum  training  plan  for  these 
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Inslallation  nian,'if;<?r3.  Whll«  such  a  plan  has  not  been  feasible  to  date,  it 
seems  probable  that  only  by  its  adojitlon  can  we  achievo  the  enlightened 
management  required  in  this  field. 

Training  for  Non-Data-Procesaing  Management  and  Operating  Personnel 

Since  an  optijr.'im  system  of  data  processing  for  Air  Force  bases  probably 
would  involve  concepts  presently  foreign  to  the  Air  Force  context  for  pre¬ 
senting  the  results  of  the  processing  phase,  it  seems  clear  that  extensive 
training  in  the  new  purposes  and  methods  of  obtaining  and  using  this  infor¬ 
mation  will  be  necessary.  Such  training  for  non-data-processing  personnel, 
whose  responsibility  it  will  bo  to  obtain  and  use  this  information,  has  not 
yet  been  initiated.  Since  this  activity  represents  the  fundamental  purpose 
of  the  entire  data  processing  cycle,  its  proper  functioning  cannot  be  left 
to  chanc'^. 

Implementing  the  concepts  described  in  this  paper  will  sometimes  lead 
to  fundamentally  different  techniques  for  utilizing  the  outputs  of  the  data 
processing  system.  Inquiries  made  directly  to  electronic  files  will  re¬ 
place  foot-high  report?  on  clerical  desks;  oral  requests  m.ade  to  clerk; 

Just  outside  the  m.anager’s  office  will  be  replaced  by  requests  for  infor¬ 
mation  from  the  computer  system,  entered  at  distances  up  to  several  hundred 
miles  by  the  m.anager  himself;  and  voluminous  written  or  printed  reports  will 
be  replaced  by  automatic  displays  at  the  key  points  where  the  output  infor¬ 
mation  is  required. 

Actual  operation  of  these  and  similar  devices  will  not  be  difficult. 
Usually,  in  fact,  no  real  operation  will  be  required — simply  the  knowledge 
of  where  to  look  on  the  output  display  or  what  button  to  push.  It  is  in 
Interpreting  and  utilizing  these  results  that  the  problem  arises.  The 
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person  who  utilizes  the  inforrr.ntion  niust  know  a  Rood  deal  about  the 
characteristics  of  each  item  of  information  involved:  such  as  whether  ^t 
is  a  day  old  or  a  minute  old;  whether,  if  the  information  is  not  sufficiently 
current,  more  up-to-the-minute  information  is  available;  and  the  type  of 
information  available  by  inquiry,  as  the  need  arises,  in  addition  to  that 
made  available  for  decision  ns  a  m.atter  of  routine.  Facility  in  interpreting 
and  utilizing  such  information  will  com.e  with  increased  experience,  but  can 
be  rapidly  accelerated  with  suitable  training. 

An  Tlluetrative  Example 

To  give  the  reader  som.e  idea  as  to  what  can  result  when  personnel  are 
inadequately  trained  or  skilled  in  EDPE,  we  describe  an  actual  occurrence. 

It  deals  with  an  inventory  control  application  in  which  indicative  infor- 
m.ation  and  current  stock  balances  pertaining  to  about  50,000  different 
inventory  items  were  maintained  in  the  electronic  files  of  an  autom.atic 
data  processing  m.achine.  The  machine’s  analysis  of  these  files  revealed 
that  a  substantial  niLmber  of  the  item.s  wore  no  longer  required  at  the  geo¬ 
graphical  point  for  which  the  m.achine  was  keeping  records.  This  fact  was 
duly  relayed  to  higher  managem.ent. 

In  accordance  wlt’n  good  inventory  principles,  management  decided  that 
the  superfluous  items  should  bo  removed  from  the  warehouses  at  this  inven¬ 
tory  point  and  the  records  purged  from  the  m.achine.  Machine  personnel  went 
to  work  imjnediately  and  entered  the  necessary  information  into  the  machine 
to  effect  the  stock  tr.anafer.  The  machine,  under  control  of  its  program, 
prepared  shipping  orders  for  each  of  the  items  designated  so  as  to  wipe 
out  the  stock  on  hand.  The  items  vrere  shipped  forthwith. 
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ilnvin;^  ,iccompli rihr*d  t,b«  .^ob  t.hey  set  out  to  do,  the  d.ita  pponeealng 
and  associated  units  then  told  the  rracidne  to  purge  the  obsolete  r':eord8 
from  the  machine.  It  soon  cajr.e  to  their  attention,  however,  that  the 
machine  would  not  remove  the  obsolete  records  from  the  file  since  a  "dec  !n" 
balance  had  been  established  for  each  of  the  items  in  question. 

The  machine,  following  the  prorraia  exactly,  had  noted  that  the  stock 
balance  of  each  of  the  items  had  fallen  below  the  reorder  point  (in  fact, 
to  zero)  when  the  shipments  had  occurred,  had  initiated  a  requisition  to 
replenish  the  stock,  and  had  thus  created  a  duo-in  balance  for  each  item. 
The  p'^rsonnel  had  failed  to  accomplish  the  task  of  reducing  the  reorder 
point  to  a  negative  quantity  before  issuing  the  snipping  directions. 

V/e  will  not  comment  on  this  illustration  other  than  to  remark  that  the 
machine  did  exactly  what  It  was  instructed  to  do,  and  no  fault  whatever  can 
be  found  with  its  operation.  The  personnel  involved,  however,  failed  to 
perform  their  rrorer  functions  with  respect  to  an  automatic  data  processing 
system.. 

pTORO’'AT.TTy  cor’^invo '.i 

Pecent  psychological  studies  have  measured  the  great  impact  of  per¬ 
sonality  factors  on  the  efficiency  and  productivity  of  two  or  mors  persons 
1 

working  to.gether.  These  studies  demonstrate  the  profound  effect,  on  group 
output,  of  the  ability  of  people  to  get  along  percon'''ily  and  to  work  out  a 
satisfactory  method  for  decision-making. 

This  problem  secm.o  to  be  especially  acute  in  the  data  processing  area 
because  of  the  relative  lack  of  concrete  objectives  and  the  relatively  large 

^See  W.  C.  Schutz,  FlRfir  A  Three-Olmensloral  Theory  of  Interpersonal 
Behavior.  Rinehart  ■?/  Company,  Inc.,  Few  York,  1958» 
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dependence  on  subjective  attitudes  of  people.  Thus,  while  the  effectiveness 
of  any  dat’’  procescini^  system  is  limited  just  as  in  any  system,  by  the 
intellectual  capacities  of  individual  men,  it  is  further  and  perhaps  more 
decisively  limited  by  the  personal  interrelationships  v;ithin  the  data 
processing  complex,  or  between  data  processing  personnel  and  those  in  such 
areas  as  m.aintenance,  finance,  and  supply. 

Two  areas  of  this  problem,  are  potentially  fruitful  for  applications 
of  psychological  research:  (l)  initial  composition  of  work  groups  and 
(2)  personnel  training  in  social  relations.  Techniques  have  been  devised 
and  experimentally  validated  that  allow  for  the  prediction,  based  on  the 
initial  testing  of  individuals,  of  how  they  will  interact  socially  with 
others  in  a  work  situation.  This  procedure,  adapted  to  data  processing 
groups  at  their  initial  composition,  could  significantly  increase  the  gen¬ 
eral  level  of  personnel  compatibility  --  and  hence  productivity  —  over 
that  of  a  group  form.cd  without  considering  personality  traits. 

In  addition  to  improving  the  initial  com, position  of  groups,  explicit 
training  in  human  relations  will  im, prove  these  personal  relationships. 
Industrial,  governmental,  military,  and  academic  circles  have  recently 
shown  groat  interest  in  and  success  with  such  training.  In  this  process  a 
trainer  conducts  a  series  of  sessions  with  the  working  personnel  in  order 
to  help  them  gain  insight  into  them, selves  and  their  relations  with  others, 
and  utilize  it  to  improve  the  working  relations  of  the  group.  This  training, 
supplem.ontary  to  that  in  the  initial  composition  of  groups,  has  dem.onstrated 
its  effectiveness  in  alm.ost  every  application.  It  has  also  proved  helpful 
in  situations  where  it  is  not  feasible  to  preselect  only  compatible  perso¬ 
nalities  who  are  to  work  t.ogether. 
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REVIE//  OF  THE  ROLE  OF  PKRSOWn^L  FACTORS  IN  EDP  SYSTEMS 

New  techniques  and  devices  for  reflecting  events  in  a  form  useful  in 
an  automatic  data  processing  system,  digital  computer  and  information  storage 
and  retrieval  systems  for  processing  and  storing  those  data,  and  new  methods 
and  equipments  for  the  presentation  of  processed  results  to  all  levels  of 
management,  create  the  need  for  a  substantial  amount  of  additional  data  pro¬ 
cessing  training  for  the  personnel  involved.  The  highly  subjective  nature 
of  the  development  of  these  systems  and  techniques  suggests  the  need  for 
special  emphasis  on  personality  considerations  in  this  development.  Their 
operational  use  will  require  specialized  training,  not  only  in  the  input, 
processing,  and  output  nhases  of  data  processing,  but  in  the  understanding 
of  the  new  data  processing  system  by  the  non-data  processing  people  whom 
it  serves. 
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VIII.  CONCLUSIONS 


This  paper  concludes  that  it  will  be  necessary  and  desirable,  in  the 
next  few  years,  to  carry  out  the  major  portion  of  the  data  processing  for 
the  Air  Force  base  comp"' ex  in  the  continental  United  States  at  several  cen¬ 
tral  organizations  established  for  the  purpose  and  remote  from  the  bases 
themselves.  Such  a  step  appears  necessary  to  cope  with  the  increasing  dis¬ 
persal  of  operating  units  and  the  growing  complexity  of  scientific  manage¬ 
ment  techniques. 

We  further  conclude  that  it  will  be  necessary  and  desirable  to  increase 
substantially  the  effort  to  introduce  semi-automatic  or  automatic  techniques 
for  data  introduction  and  report  generation,  wherever  data  are  generated  or 
reported.  By  making  these  activities  automatic  and  thereby  minimizing  human 
intervention  in  the  data  processing  activities,  increased  accuracy  and  con¬ 
fidence  in  the  results  can  be  gained.  Fewer  people  operating  more  powerful 
automatic  equipment  can  conceivably  make  errors  of  large  magnitude;  the  pre¬ 
vention  of  such  errors  requires  serious  attention  through  checks,  careful 
training,  and  observation  of  computer  operations.  By  thus  providing  a  sound 
basis  for  decision,  the  scientific  management  and  data  processing  equipment 
tools  which  are  at  our  disposal  can  be  effectively  utilized. 


Appendix  A  —  Weapon  system  information  flow  for  the 
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Appendix  C  Base  -  Regiona  i  BIC  information  flow 


